Analysis of nestling food
Nestling food was assessed by collar samples when the young were 5-10 days old. A er every two to three feeding visits of the parents, the food was removed from the nestlings' throats with forceps. The arthropods were preserved in 70% ethanol and identified to family level, according to reference collection obtained in the same study area (J. Karg, unpublished data) .
Pellet analysis
Pellets were collected from 17 shrike territories. A total of 3954 prey items were identified (at least to family level) in 336 pellets. For more detailed comparison we only used data from 193 pellets collected from theses in 12 territories, where food from nestlings was obtained. Pellets were analysed with standard procedure (Rosenberg & Cooper 1990) . Most of prey items were identified using the reference collection. Diagnostic remains of insects (e.g., head-capsules, mandibules, legs, clyppeus, abdoben, coverts etc.) found in pellets were isolated, identified and counted. Since each diagnostic fragment did not necessarily come from a different individual, a correction factor was applied. The number derived from the count of legs was divided by six, unless they formed the specialised pair (e.g. fore legs of crickets, hind legs of grasshoppers), in which case they were divided by two. Each head-capsule and distal segment of the abdomen (i.e. telson) each represented one individual prey item. Values obtained a er applying the correction factors were compared and the highest value was considered as the estimate of the number of insects eaten (Calver & Wooller 1982) . This comparison was done for each insect taxon (species, genus or family) of present in pellets.
Larders
We also controlled larders and butchering points, where the shrikes prepare food for nestlings, as well as for themselves (Lefranc & Worfolk 1997) . We used data from 14 points located in the same territories as nest where collars data were obtained.
Calculations and statistics
Statistical analyses were carried out using compositional analysis on the six numerically dominant taxa: beetles (Coleoptera), bees and wasps (Hymenoptera), orthopterans (Orthoptera), bugs (Heteroptera), vertebrates (Vertebrata) and a category containing all the remaining taxa referred to as "others" (moths and bu erflies Lepidoptera, flies Diptera, spiders Araneae and many others; for detail see Karg 2001) .
We compare frequency of distinct food categories using G-test (Zar 1999) .
We compared differences between food category frequencies expressed by three methods. For the following most important prey orders (Hymenoptera, Coleoptera, Orthoptera, Diptera and Lepidoptera). To reduce variances, percentage data were arcsine transformed before analyses. When assumptions of normality were met (in all cases) consequently oneway ANOVA were used to compare three methods of diet analyses (Zar 1999) .
A total of 66 prey items were collected from 12 nests. Wet mass of food portion taken from one nestling varied from 0.53 to 5.63 g (mean ± SD = 2.25 ± 1.28 g, n = 56). Dry mass of pellets ranged from 0.55 to 6.53 g (mean ± SD = 1.74 ± 0.88 g, n = 159). A total of 594 prey items from larders were identified.
Diet composition
Invertebrates consisted 98.9% of all (N = 2855) prey items analysed by three different methods. Over 54% of these items were beetles; dung (Scarabaeidae) and ground (Carabidae) beetles accounted for almost one third of the prey. Hymenoptera, which is a diverse group consisting of ants (Formicidae), ichneumon flies (Ichneumonidae), bees (Apidae) and wasps (Vespidae), made up around 17% of all prey items identified. Grasshoppers, crickets (Orthoptera: Te igonidae and Acridiidae) and bugs (Heteroptera) composited 16.3 and 6.4% of all prey items identified, respectively. Others invertebrate and vertebrates groups accounted together approximately 5.6%.
Variation between methods
Proportion of six prey taxa in Red-backed Shrike differ significantly between methods (G-test, G = 883.5, df = 2, p < 0.00001). The main findings show, that Coleoptera in pellets were over-represented, and Orthoptera in larders were over-represented (Fig. 1) .
Literature comparisons
We reviewed the literature on feeding habits of the Red-backed Shrike in Europe. Studies selected for numerical analysis met the following criteria: 1) diet composition was estimated on the basis of well-defined method (three methods were taken into account: pellet analyses, collars and visiting the larders and food storage places); 2) food composition was based on the analysis of at least 50 prey items and expressed as the percentage of prey consumed. Investigations from 36 localities in Europe (this study included) met the criteria listed above (see Table 1 ). This analysis covered a large part of the geographical range of the Red-backed Shrike from southern Spain to Fennoscandia and from western France to eastern Slovakia.
In order to test for any differences in dietary composition, results obtained by using three different method of diet study, were compared (Table 1 ). Significant differences were found for the percentage of Hymenoptera, Diptera and Lepidoptera in the diet of the Red-backed Shrike (differences for Diptera and Lepidoptera were also significant at p < 0.05, when we used Bonferroni test for multiple comparisons).
Diet composition
The composition of the Red-backed Shrike diet is influenced by many external factors including the foraging skills, habitat and territory quality, geographical location, weather conditions and time of day or season (Cramp & Perrins 1993 , Leugger-Eggimann 1997 . In general, results considered in this study give an adequate picture of Red-backed Shrike diet. This insectivore species, foraged mainly on large insects, such as of beetles, grasshoppers, bees and wasps. Its diet was supplemented by many other invertebrate taxa, as well as by small vertebrates (lizards, small mammals and small passerine birds). Such diet is similar to that in other studies, but the percentage of Coleoptera and Hymenoptera was higher (Table 1) . It can be linked with higher density of these insects in Poland in comparison with west European countries (Lefranc 1997 , Van Nieuwenhuyse et al. 1999 . Hence, Polish population of the Red-Shrike is stable or even locally increasing , Kujawa 2002 ), while population in other European countries are declining (Lefranc 1997 , Van Nieuwenhuyse et al. 1999 .
Biases in the methods of diet analysis
Apart from the three most popular methods that were tested, other assessment of Red-backed Table 1 . Differences (mean ± SD) in the percentage (arcsin transformed before analyses) of numbers of five important insect groups in the diet of Red-backed Shrike. n -number of studies, F -results of ANOVA, p -probability. Sources of the data on diet composition: Arcas (1998 ), Cajander (1929 , Daraktchiev & Germanov (1975) , Hernandez (1995) , Hernandez et al. (1993) , Karg (2001) , Korodi Gai (1969) , Kuper et al. (2000) , Lefranc (1979) , Mann (1983 Mann ( , 1987 , Mansfeld (1958) , Mielewczyk (1967) , Olsson (1995) , Randik (1970) , Skarzyńska (1956) , Szlivka (1977) , Wagner (1993) .
Taxon
Collars (n = 11) Pellets (n = 12) Remains (n = 13) F p Hymenoptera 9.2 ± 5.7 27.9 ± 17.5 17.3 ± 20. Shrike diet were also used: stomach analyses (many old papers, review in Cramp & Perrins 1993), faecal samples (Hernandez 1993) , regurgitated food (Arcas 1998) , food remains in the nests (Randik 1970 , Olsson 1995 , as well as indirect field observations (Favini et al. 1998 , Hornman et al. 1998 ). However, these methods were used only in singular studies. Due to ethic reasons, methods such like stomach contents analysis from killed birds should not be applied. Of course, methods used produced different results on the diet composition, both in local, as well as in broader context (Rosenberg & Cooper 1990) . The main source of potential bias in methods, can result from differential digestibility of prey items. This could be an important factor limiting usefulness of the pellet analyses. Hence, there is a lower number of identified arthropods with so body, e.g. flies or spider fragments (in this, as well as in many other studies). Second source of differences may result from the fact, that shrikes handle some bigger prey species (e.g. Coleoptera, Orthoptera, Vertebrata) before eating or, more o en, before passing prey items to nestlings (Lefranc & Worfolk 1997) . Although, Gwinner (1961) suggests that the Red-backed Shrike removes stings from bees and wasps before eating. We found stings not only in larders, but also in pellets (but not in collars). We suggest that larger difference exists in diet between age classes (nestlings vs. adults) rather than between method of diet assessment.
Collars are in general harmful to the nestlings (Rosenberg & Cooper 1990 ) and should be therefore used to provide information on presence or absence of certain prey items (especially Diptera and Lepidoptera) in diet which can be further quantified on a larger scale by some other method not harmful to nestlings.
In general, similar results as in our study were obtained by Olsson (1995 -Table 3) , difference among these results were however not tested. Differences in assessing of diet contents by different methods are common in raptors (e.g. Simmons et al. 1991 , Redpath et al. 2001 , especially in small falcons, which have foraging biology similar to shrikes and with diet comprising insects and small vertebrates (e.g., Purger 1998).
It is difficult to determine, which method is the best fi ed to safe and detailed studies of Redbacked Shrike diet. Results obtained by using different methods complement each other, and indication which one should be used depends mainly on the goals of studies.
The collars provide real data on nestlings' diet, but it is an invasive method. The use of other method is recommended, as directional observations from a hide (Hornman et al. 1998) and video-taping (Favini et al. 1998 ). However, these methods not always produced real picture, as identification of prey taxa is strongly limited. Moreover, as in collars study and in direct field observations, the presence of observer near shrike nest can negatively influence breeding success of the Red-backed Shrike (Tryjanowski & Kuźniak 1999) . It is therefore be er to use non-invasive method like pellet analysis and larder searching (or both), if you keep in mind that both methods produce bias and are limited.
Conclusions
Our findings suggest that pellet analyses are easy and non-invasive method for estimates of prey diversity and frequency index, but collars may be necessary to establish nestling diets, and prey remains in larders to find large prey, handled before eating. To determine diet composition and predict impact of food sources on local populations, all three methods should be used simultaneously. Similarly, in more advanced geographical and/or habitat gradients analysis of shrike diet content, we are recommend to pool data together obtained by different method techniques in the same place, and/or (be er) carefully assessing methods of diet analysis.
